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Abstract The tsunami was a sudden marine disasters. Tsunami waves can quickly spread to
near-shore and cause the disaster after the tsunami. So it is very important of timely monitoring
and early warning of the tsunami. After several unsuccessful tsunami forecasting, the United States
developed tsunami buoy speciﬁcally for the early detection of tsunami waves. Tsunami buoy can not
only be able to display occurrence of the tsunami, it is real time data but also be assimilated into the
tsunami warning system, to improve the accuracy of the tsunami forecasting. Several tsunami events
in the recent few years have proven the important role of the tsunami buoys. Subsequently, the
tsunami warning system based on tsunami buoys was into regular operation. The system accurately
predicted the results on March 11, 2011 Japan tsunami event. State Oceanic Administration
(SOA), China also deployed 2 tsunami buoys in the South China Sea (SCS), which also played
an important role in the warning process of Japan tsunami on March 11, 2011. National Marine
Environmental Forecasting Center/State Oceanic Administration (NMEFC/SOA) will collaborate
with Paciﬁc Marine Environmental Laboratory/National Oceanic and Atmospheric Administration
(PMEL/NOAA) to develop assimilation method making use of real time data of tsunami buoy and
build a forecasting system in SCS in the future. c© 2013 The Chinese Society of Theoretical and
Applied Mechanics. [doi:10.1063/2.1303202]
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A tsunami travels outward from the source region
as a series of waves. Its speed depends upon the depth
of the water, and consequently the waves undergo ac-
celerations or decelerations in passing respectively over
an ocean bottom of increasing or decreasing depth. In
the deep ocean, tsunami waves can travel at speeds of
500 to 1 000 km/h. Near the shore, however, a tsunami
slows down to just a few tens of kilometers per hour.
The height of a tsunami also depends upon the water
depth. A tsunami that is just a meter in height in the
deep ocean can grow to tens of meters at the shoreline.
Unlike familiar wind-driven ocean waves that are only
a disturbance of the sea surface, the tsunami wave en-
ergy extends to the ocean bottom. Near the shore, this
energy is concentrated in the vertical direction by the
reduction in water depth, and in the horizontal direc-
tion by a shortening of the wavelength due to the wave
slowing down.1
In recent years, several devastating tsunami oc-
curred, which caused great casualties and economic
loss. Nearly 230 000 people died during the great Indian
Ocean tsunami generated on 26 December 2004. On 11
March, 2011, Japan tsunami caused more than 15 000
fatalities and nearly 5 000 losing.2 The tsunami also re-
sulted in the radiation leakage accident of Fukushima
nuclear power plant.
Earthquake and sea level data can be used in
tsunami warning. But there are some limits respec-
tively. We can get the magnitude, epicenter, etc., from
a)Corresponding author. Email: zld@nmefc.gov.cn.
earthquake wave data, but do not know tsunami en-
ergy induced from earthquake exactly. Although we
can know the accurate tsunami wave amplitude from
sea level data, which come from coastal tide gauges
mostly, it is useless for tsunami early warning we ex-
pected, because tsunami has reached coast and caused
damages. So it is crucial for tsunami forecasting to
get the sea level data measured in deep ocean sur-
face. It can help scientists to make sure that the
tsunami wave is generated. Because it is diﬃcult to
get, National Oceanic and Atmospheric Administra-
tion (NOAA) developed deep-ocean assessment and re-
porting of tsunami (DART) system in the “National
Tsunami Hazard Mitigation Program” started in 1980s
(National Data Buoy Center/NOAA).3 From 2001 to
2008, NOAA had deployed 39 DART buoy systems in
Paciﬁc, Atlantic Ocean and Caribbean Sea.
Usually the tsunami buoys are located near some
trench or borders between plates, where most of
tsunami events in the world were generated. The de-
termination of location follows some important rules.
One of the most is that the tsunami buoys can record
real time typical tsunami wave in no more than half an
hour after earthquake generated tsunami occurred.
There are two main functions for tsunami detection
buoy, one is to detect whether or not the tsunami is
generated and record typical tsunami wave in 15–30 min
and show after earthquake occurred, the other is that
the real time tsunami wave data can be assimilated into
forecasting system to improve the accuracy in tsunami
forecasts.
Since the DART tsunami buoys were in operation,
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Fig. 1. The DART II tsunami buoy system. Courtesy of NOAA.
Fig. 2. Comparison of forecasts of real time tsunami forecasting system with measurements of DART buoys. Courtesy of
Paciﬁc Marine Environmental Laboratory/National Oceanic and Atmospheric Administration (PMEL/NOAA).4
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Fig. 3. The position of the 2 tsunami buoys deployed by SOA in SCS.
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Fig. 4. The sea level oscillation recorded by HX2 during
2011 Japan tsunami event.
NOAA also developed a real time tsunami forecasting
system based on real time DART measurement data.
The comparison of forecasting results with DART mea-
surements showed good consistency in several tsunami
events, for example Kuril Island tsunami in 2006, Peru
tsunami in 2007, Samoa tsunami in 2009, Chile tsunami
in 2010 and Japan tsunami in 2011.
The main potential tsunami source areas are Manila
Trench, South China Sea (SCS), Ryukyu Trench and
Taiwan Island surrounding area. Tsunami will rush to
Southeast China and lead to great casualties and eco-
nomic losses, because Southeast China is the most pop-
ulated and developed area in the country.
In order to monitor potential tsunami wave gen-
Fig. 5. The hypothetical tsunami in SCS simulated for
verifying the assimilation technology.
erated by submarine earthquake in Manila trench and
provide early warning for Southern China coast, State
Oceanic Administration (SOA), China purchased 2
tsunami buoys and deployed in SCS after Indian Ocean
tsunami occurred in 2004.
According to numerical simulation, the 2 tsunami
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Fig. 6. Comparison of forecasts of assumed system with
measurements in some gauges.
buoys can monitor tsunami wave in 15–30 min after the
tsunami is generated by an submarine earthquake in
Manila Trench. This will provide 2–4 h for evacuation
for residents of Hainan, Guangdong, Fujian provinces
of Southern China. While the warning and real time
data can not be useful for Southern Taiwan Island. The
tsunami wave will reach shoreline in no more than half
an hour because of it is great velocity in deep ocean.
The obvious sea level oscillation was recorded by
HX2 (as shown in Fig. 3), the northern one of the
two tsunami buoys, just in 15 min after 2011 Japan
earthquake occurred. The oscillation was not a real
tsunami wave, but induced by earthquake. Even so, it
was still a early warning sign for China to keep watch
arrival of the potential tsunami.
In order to take more advantage of real time
tsunami buoy data, National Marine Environmental
Forecasting Center (NMEFC), SOA, China has done
some research work on promote the accuracy of tsunami
forecasting by assimilating the real time tsunami buoys’
data in SCS.
In one of the research works, one hypothetical
tsunami is generated in manila trench (Fig. 5). The
two tsunami buoys of SOA recorded tsunami wave. By
assimilating the data into numerical model, we get the
forecasting results in some coastal sites. Comparison
between assimilation forecast results and measurements
in the coastal sites shows a good consistency (Fig. 6).
Researchers from NMEFC/SOA also did some other
susceptibility test to examine and choose the optimal
assimilation method. The research results shows a very
good prospect.
NMEFC/SOA, China will collaborate with
PMEL/NOAA, USA on building real time tsunami
forecasting system in SCS. The SCS Tsunami Warning
System can provide service not only for China, but also
for other SCS countries.
Tsunami is a sudden and destructive oceanic disas-
ter. Many organizations and scientists have and are still
trying to develop an eﬀective tsunami warning methods.
Tsunami detect buoy was created by PMEL/NOAA,
USA since 1980s. Dozens of the tsunami buoys have
been deployed in Paciﬁc, Indian, Atlantic Ocean and
Caribbean Sea. A tsunami forecasting system based
on these tsunami buoy data were also developed by
PMEL/NOAA. NMEFC/SOA, China deployed two
tsunami buoys in the SCS to prevent potential tsunami.
NMEFC and PMEL will work together to establish an
eﬀective and eﬃcient tsunami warning system in the
SCS.
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